In this paper we describe the capabilities for texture measurements of the new neutron time-offlight diffractometer HIPPO at the Los Alamos Neutron Science Center (LANSCE). The orientation distribution function (ODF) is extracted from multiple neutron time-of-flight histograms using the full-pattern analysis first described by Rietveld. Both, the well-established description of the ODF using spherical harmonics functions and the WIMV method, more recently introduced for the analysis of time-of-flight data, are available to routinely derive the ODF from HIPPO data. At ambient conditions, total count time of less than one hour is ample to collect sufficient data for texture analysis in most cases. The large sample throughput for texture measurements at ambient conditions possible with HIPPO requires a robust and reliable, semiautomated data analysis. HIPPO's unique capabilities to measure large quantities of ambient condition samples and to measure texture at temperature and uni-axial stress are described. Examples for all types of texture measurements are given.
Introduction
Neutrons have proved to be a valuable probe for bulk texture measurements, complementing small area, localized measurements like orientation imaging microscopy (OIM) or the 3D-X-Ray microscopes, the latter allowing to probe the crystal orientation of a set of individual grains buried in the bulk of a specimen using synchrotron radiation. Bulk texture measurements are required for instance for validation of modeling results, understanding texture development during materials processing routes or for large-grained geological samples. Utilizing X-Rays or electrons for quantitative texture measurements requires careful samples preparation to minimize surface effects, corrections for absorption and is generally cumbersome for large-grained samples. All three issues are greatly avoided when using neutrons for bulk texture measurements: Due to their low attenuation by most materials, neutrons penetrate deeply into most materials, making surface/sample preparation or absorption effects negligible in most cases. The large beam-spot size compared to X-Rays or electrons, of the order of several millimeters rather than (hundreds) of micrometers, results in a typical probed volume of about 0.5 cm 3 , providing diffracted neutrons from hundreds of grains even for grains sizes in the millimeter regime. In a texture round-robin, the great reliability of neutron texture measurement was established by measurement of an identical sample at various facilities in the world and comparison the results [1] . The sample measured for this round robin was also measured on HIPPO, establishing it's reliability at greatly reduced count times [2] (see Figure 3 for results of this measurement). The weak attenuation of the neutron beam also allows special sample environments, allowing to investigate texture and texture changes in-situ at elevated temperatures and uni-axial stress using HIPPO. An additional advantage of neutrons compared to X-Rays or electrons is the possibility to investigate materials consisting of high-Z elements. 3 He detector tubes arranged in panels on rings of 150º, 90º, 40º, 20º and 10º diffraction angles around the incident beam direction. Figure 1 shows the coverage of pole figures for texture measurements achieved with a single and multiple orientation in HIPPO. For texture measurements, a total of 30 detector panels of diffraction angles 150º, 90º and 40º are used to detect the polychromatic neutrons diffracted by the sample. Figure 2 shows a schematic of HIPPO. 
Bulk texture measurements using HIPPO

Data analysis
The analysis of neutron TOF data is naturally performed with a full-pattern approach, taking advantage of the availability of neutron intensities over a large d-spacing range (see Figure 4 for an example). Two Rietveld packages are currently employed to analyze HIPPO texture data: MAUD [3] and GSAS [4] . Both minimize the differences between measured and calculated data-points following a least squares scheme. A major difference between the two packages is that GSAS has all derivatives coded in the software while MAUD evaluates the derivatives numerically. GSAS therefore is somewhat faster than MAUD during the refinement while MAUD has the advantage of being able to include non-analytical models into the analysis. An important example of such a discrete model for texture analysis is the WIMV [5] method, which assigns weights to discrete points in orientation-space based on measured data in an iterative process. MAUD therefore allows comparison of texture results obtained with the spherical harmonics [6, 7] and the WIMV approaches. The following semi-automated scheme is used for most cases of HIPPO data analysis: First, a LeBail is performed to find lattice and profile parameters as well as correct for small sample misalignment, which affect only peak positions. After this, these parameters are kept fixed and parameters affecting the peak intensities are refined: Isotropic displacement factors, absorption, extinction and the grain orientation distribution described by the spherical harmonics function. All refinements are multi-pattern Rietveld fits against 20 to 240 histograms simultaneously. Each histogram represents an inverse pole-figure from which the sample ODF is reconstructed.
Sample environments & examples
One of HIPPO' s unique features is its large detector coverage, allowing to derive the sample texture from a very small number of sample orientation changes (between four and eight orientations are typical). Rotation around a single axis is sufficient, compared to two-circle goniometers employed on other neutron and X-Ray texture instruments. This provides the unique capability of texture measurements under various sample conditions, like temperature and uni-axial stress. As ambient texture measurements are quick (between 5 and 45 minutes per orientation), an automated sample changer is available to minimize down-time for sample changes.
Sample Changer
The sample changer consists of two round trays with spaces for 50 powder or 16 texture samples each and a robotic arm that grabs samples, brings them in the beam, performs the rotations and delivers them again in the trays. The picture to the right shows a photograph of the sample changer. The device is interfaced with the data acquisition and can be programmed to collect data required for texture analysis unattended. Its main purpose is to measure bulk texture on large numbers of samples, for instance to investigate materials processing techniques [8] or investigate systematic texture variations in geological specimen. The sample changer hardware was designed and manufactured by ZYGO/Square One Systems Design, Jackson, Wyoming.
Furnace
The HIPPO furnace is a standard 1800ºC ILL furnace from AS Scientific, Abingdon, UK. It was originally delivered with Niobium heating elements and heat shields, capable of a maximum temperature of 1800ºC. The Niobium was recently exchanged with Vanadium to avoid contamination of the diffraction patterns with Niobium peaks, lowering the maximum temperature to about 1100°C. The furnace allows a 360º view in the horizontal plane and ±20º out of the horizontal plane. It was modified to accommodate a motor driven rotation stage for the sample holder to allow automated, accurate texture measurements. In a first application of this device, Wenk et al [9] could show that natural Quartzite rocks exhibit a memory effect for its original texture when changing the temperature above and back below the α/β-transition temperature. See Figure 6 for results.
Stress-rig
The HIPPO stress-rig CRATES was developed by Prof. Heinrich Mecking' s group at the Technical University at Hamburg-Harburg. It allows uniaxial stress up to 100 kN in tension and compression. The required pole-figure coverage for reliable texture analysis is achieved by a built in rotation stage. A translation stage allows sample-alignment in the beam. In pilot experiments the texture changes due to twinning during compression of Zirconium and Magnesium (hcp-structure) were investigated in-situ (see Figure 7 ). Since both materials initially exhibit a wire texture, by enforcing this texture during the analysis only 20 histograms are sufficient to derive the ODF. The results for the initial and final texture compare favorably with texture measurements in the sample changer (see Figure 8) . Additionally to the texture, HIPPO/CRATES allows to measure reflection-dependent stressstrain curves for about 20 directions per sample orientation. Both, texture and strain, are extremely valuable data to gain insight into the deformation mechanisms of solids and to validate various modeling approaches (finite elements, self consistent etc.). . For the CRATES data, an axial symmetry was enforced during the analysis, an assumption that seems to be justified by the sample-changer data (analysis without any sample symmetry).
Summary
HIPPO provides a very efficient tool for bulk texture measurements. Its sample environments to apply temperature and uni-axial stress make HIPPO a unique instrument for in-situ texture measurements at non-ambient conditions. For ambient conditions, an automated sample changer allows to run large numbers of samples for systematic investigations of texture changes. Two software packages, MAUD and GSAS, are available for analysis of HIPPO data. MAUD specifically allows to include non-analytical models like the WIMV approach for the description of the ODF.
